ABSTRACT. DNA barcoding using mitochondrial cytochrome c oxidase subunit I (COI) is regarded as a standard method for species identification. Recent reports have also shown extended applications of COI gene analysis in phylogeny and molecular diversity studies. The bee-eaters are a group of near passerine birds in the family Meropidae. There are 26 species worldwide; five of them are found in Saudi Arabia. Until now, GenBank included a COI barcode for only one species of bee-eater, the European bee-eater (Merops apiaster). We sequenced the 694-bp segment of the COI gene of the green bee-eater M. orientalis and compared the sequences with those of M. apiaster. Pairwise sequence comparison showed 66 variable sites across all the eight sequences from both species, with an interspecific genetic distance ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 10 (4): 3992-3998 (2011) DNA barcoding of green bee-eater 3993 of 0.0362. Two and one within-species variable sites were found, with genetic distances of 0.0005 and 0.0003 for M. apiaster and M. orientalis, respectively. This is the first study reporting barcodes for M. orientalis.
INTRODUCTION
Bee-eaters, which belong to the Meropidae, order Coraciiformes, are insectivorous birds characterized by richly colored plumage, slender bodies and elongated central tail feathers. There are 26 species worldwide, where most of them are found in Africa, but others occur in southern Europe, Madagascar, Australia and New Guinea (Dickinson, 2003) . The green bee-eater (Merops orientalis), white-throated bee-eater (Merops albicollis), blue-cheeked beeeater (Merops persicus) and European bee-eater (Merops apiaster) are found in Saudi Arabia. The low level of morphological diversity in the family is in stark contrast to their high diversity in ecological and life history traits. Significant variation has been observed in the density of bee-eater populations depending on vegetation structure, food (insects) availability, climatic conditions and human disturbance (Asokan et al., 2003) . Populations of bee-eaters are in decline owing to the scarcity of suitable prey, a result of widespread application of pesticides and because of unwarranted shooting for sport (del Hoyo et al., 2001) .
A resident of Saudi Arabia, the green bee-eater is found widely distributed across subSaharan Africa from Senegal and Gambia to Ethiopia, the Nile valley, western Arabia and Asia through India to Vietnam. It is about 16-18 cm long with about 5 cm made up by the elongated central tail-feathers. The sexes are not visually distinguishable. The monomorphic European bee-eater breeds in southern Europe and in parts of northern Africa and western Asia. It is migratory, wintering in tropical Africa, India and Sri Lanka. It has brown and yellow upper parts, whilst the wings are green and the beak is black. It can reach a length of 27-29 cm, including the two elongated central tail feathers.
The central goal of systematists and evolutionary biologists is the proper identification of species to provide a clear picture of exact organismal diversity and of past evolutionary history. DNA barcoding is a method of species identification using mitochondrial cytochrome c oxidase subunit I (COI) sequences with the potential to discriminate closely related species across diverse phyla in the animal kingdom (Hebert et al., 2003a,b) . Using a large dataset of North American birds, it has been concluded that DNA barcoding can be effectively applied across the geographical and taxonomic expanse of bird species (Kerr et al., 2007) . Several studies have shown that COI-based DNA barcoding has potential for discrimination among species (Hebert et al., 2004; Kerr et al., 2007 Kerr et al., , 2009 Tavares and Baker, 2008; Bravo et al., 2008) . However, due to the scarcity of barcoding data, a consensus has not been firmly established to assign a sequence threshold to screen for splits referred to as putative species. Therefore, a survey of intraspecific barcodes from different geographical regions has been strongly recommended (Cai et al., 2010) .
Despite the successful application of DNA barcoding for species identification of birds from different regions (Hebert et al., 2004; Yoo et al., 2006; Vilaça et al., 2006; Kerr et al., 2007 Kerr et al., , 2009 Chaves et al., 2008; Cai et al., 2010) , few barcodes of birds from Saudi Arabian have been determined (Khan et al., 2010) . Here, we sequenced the 694-bp region of the COI gene of Merops orientalis and compared these sequences to the previously published sequences of another species, Merops apiaster. At present, the COI barcodes of only one species (Merops apiaster) of bee-eaters are available in GenBank. This study provides the first report on the DNA barcode of Merops orientalis.
MATERIAL AND METHODS
Tissues (thigh muscle) were collected from 4 frozen specimens of Merops orientalis. All these 4 birds were collected from an area called Al Hayathem at Al Kharj, 100 km southeast of Riyadh, Saudi Arabia, located at N 24° 19.603 E47° 21.982.
DNA was extracted from the blood samples using the DNeasy Blood and Tissue kit (Qiagen GmbH, Germany). The extracted DNA was dissolved in 200 mL elution buffer and stored at -20°C.
COI sequences were amplified using the primer pair of BirdF1 and BirdR1 (Kerr et al., 2007) and FideliTaq PCR master mix (GE Healthcare) in a reaction volume of 30 mL. The PCR conditions included a denaturation step (1 min at 94°C) followed by six cycles of 1 min at 94°C, 1.5 min at 45°C, and 1.5 min at 72°C, followed in turn by 35 cycles of 1 min at 94°C, 1.5 min at 55°C, and 1.5 min at 72°C, and a final extension for 5 min at 72°C. The PCR products were separated by electrophoresis on a 1% agarose gel stained with ethidium bromide. The PCR products were purified using MicroSpin S300 columns (GE Healthcare) before being sequenced using BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, USA) on a 3130XL genetic analyzer (Applied Biosystems). For each sample, two sets of sequencing reactions were performed using the forward and reverse primers for high accuracy.
For comparative evaluation of COI barcode sequences of Merops orientalis, we searched the GenBank nucleotide database and found only 5 barcode records of a single species, European bee-eater (Merops apiaster). Of these, we omitted the short sequences of 1 record (659 bp) and downloaded 4 sequences (Accessions; GQ482161 to GQ482164) with 694 nucleotides.
The sequences were aligned by ClustalW (Larkin et al., 2007) and then subjected to neighbor joining (NJ) and unweighted pair group method with arithmetic mean (UPGMA) for phylogenetic analyses using the evolutionary distances computed by the maximum composite likelihood method (Sneath and Sokal, 1973, Tamura et al., 2004) . Both these analyses were performed using MEGA4 software, and the bootstrap consensus trees inferred from 500 replicates were taken to represent the node support for the clades observed (Felsenstein, 1985; Tamura et al., 2007) .
RESULTS
We sequenced the mitochondrial COI gene segment (694 bp) from the 4 specimens of Merops orientalis; all these nucleotide sequences have been deposited in GenBank with the accession numbers HQ168063 to HQ168066. The other 4 sequences of a different species (Merops apiaster) that we retrieved from GenBank had the same length with a common start position. However, we deleted the first nucleotide from all the sequences to ensure the first nucleotide of the modified sequences (693 bp) was the start position of codon 1.
The pair-wise sequence comparison of the COI gene showed 66 (9.52%) variable sites across all the individuals, whereas within-species variable sites were found to be 2 (0.28%) and 1 (0.14%) for Merops apiaster and Merops orientalis, respectively ( Figure  1 ). The COI genetic distances between the 8 individuals varied from 0.000 to 0.037 (Table  1 ). The evolutionary divergence over sequence pairs between species was 0.036, while intraspecific divergence was found to be 0.0005 for Merops apiaster and 0.0003 for Merops orientalis.
Phylogenetic analysis using the 693-bp nucleotide segment of COI clearly discrimi- Table 1 . Pair-wise distance comparisons showing the actual number of variable sites (upper right) and the number of base substitutions per site (lower left; rounded to three decimal places) using the maximum composite likelihood model (Tamura et al., 2007) .
nated both species of bee-eaters (Figure 2) . However, the translation of nucleotide sequences revealed identical amino acid sequences for all 8 specimens. Burt (2004) scored thirty plumage regions for color, pattern and shape to describe phylogenetic relationship among various species and subspecies of bee-eaters. Although this subjective method resulted in consistent patterns across shallow portions of the trees, considerable uncertainty remained for the placement of deep branches. As a result, he suggested the need of additional data based on nucleotide sequences for phylogenetic accuracy (Burt, 2004) . Later on, Marks et al. (2007) performed a phylogenetic analysis of bee-eaters using the DNA sequence data from the second subunit of mitochondrial nicotinamide adenine dinucleotide dehydrogenase gene (ND2, 1041 bp) and two nuclear introns: the fifth intron of nuclear b-fibrinogen gene (BFib5, 604 bp) and the fifth intron of transforming growth factor, b2 gene (TGFb2, 566 bp). However, COI barcodes for bee-eaters are largely unexplored. Kerr et al. (2009) have highlighted the importance of DNA barcodes in avian research as twofold, i) preliminary investigations that offer fresh insight to aid the ongoing effort to refine avian taxonomy and ii) a comprehensive library of COI sequences to provide an invaluable tool for species assignment when morphological differences are difficult to measure. The results of this study clearly showed the discriminatory power of COI barcodes for species identification. The interspecific genetic variation was found to be high (9.52%) as compared to our recent study on partridges (7.66%) (Khan et al., 2010) using the same sized COI gene segment. Phylogenetic analysis separated the two different species of bee-eaters into distinct clades with high bootstrap support (Figure 2) . Such a high level of differentiation between Merops apiaster and Merops orientalis, observed in our study, may be attributed to their resident and migratory characteristics, respectively. Marks et al. (2007) have grouped the bee-eaters into two well-supported clades defined on ecological lines: sedentary or migratory species. The sequences from the 4 samples of Merops apiaster showed only 2 within-species variable sites (Figure 1 ) which is in accordance with the negligible level of differentiation observed in Merops apiaster collected from Kuwait and Malawi (Marks et al., 2007) . Despite an overall low intraspecific variation in both species, Merops apiaster showed a high number of within-species variable sites in relation to Merops orientalis (Figure 2 ). The understanding of phylogenetic relationship within the group is important to make a valid comparative study of various traits of bee-eaters (Burt, 2004) , while more concentrated taxon sampling and more intraspecific studies in general are needed to gain a better understanding of genetic structure of bee-eaters (Marks et al., 2007) .
DISCUSSION
In conclusion, COI barcoding is an effective molecular tool for species identification and phylogenetic inference. Since this technique is based on molecular-level variation, it offers a greater accuracy and authenticity than the plumage-based subjective phylogeny of birds. The latter methodology is devoid of conventional quantitative analysis such as bootstrapping and also tends to be problematic due to high levels of homoplasy in color pattern leading to a weaker phylogenetic signal. This is the first report on COI barcodes of the green bee-eater and would be helpful for future molecular studies in these birds.
